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Abstract 



PURPOSE: To execute initialization by means of a controller itself so as to facilitate 
transmission/reception by judging the frame type of communication data and judging the container type 
of communication data based on the detection result of special information. 

CONSTITUTION: An A1/A2 byte detection circuit 8 detects a bit string equivalent to A1 byte among 
reception data of a data bus 1 . When an A1 byte string is detected, a judgement circuit 9 increases an 
A1 -counter 10 and counts the number of A1 bytes by receiving the notice. When A2 byte is detected, the 
circuit 9 increases an A2-counter 1 1 , and counts the number of A2 bytes. When bytes except for A1 byte 
and A2 byte are detected, the A1 -counter and the A2-counter are reset. The notice of a compared result 
is received from a comparison circuit 12 comparing the values of the counters 10 and 1 1 . When they are 
matched, it is judged that a frame synchronizing pattern is detected. 
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[WHAT IS CLAIMED IS:] 

[Claim 1] A communication controller comprising: 

first detection means for detecting first specific 
information about communication data transmitted in the 
5 form of a frame; 

first determination means for determining the frame 
type of the communication data on the basis of a result 
of detection performed by the first detection means; 
second detection means for detecting second 
10 specific information about the communication data 
transmitted in the form of a frame; and 

second determination means for determining the 
container type of the communication data on the basis 
of a result of detection performed by the second detection 
15 means . 

[Claim 2] A communication control system comprising: 

frame-type determination means for determining the 
frame type of the communication data; 

container- type determination means for determining 
20 the container type of the communication data; 

storage means for storing processing program 
corresponding to the frame and container types of the 
communication data ; 

control means for selecting a processing program 
25 stored in the storage means in accordance with the frame 
and container types determined by the respective 
determination means; and 
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processing means for controlling communication 
data in accordance with the processing program. 
[Claim 3] The communication control system according 
to claim 2, wherein the frame-type determination means 
5 comprises : 

first detection means for detecting first specific 
information about communication data transmitted in the 
form of a frame; 

first determination means for determining the frame 
10 type of the communication data on the basis of a result 
of detection performed by the first detection means; 

second detection means for detecting second 
specific information about the communication data 
transmitted in the form of a frame; and 
15 second determination means for determining the 

container type of the communication data on the basis 
of a result of detection performed by the second detection 
means . 

[Claim 4] The communication controller according to 
20 claim 1 or the communication control system according 
to claim 3, wherein the first detection means detects 
two types of frame synchronization information from 
control information about the communication data; and 
the first determination means determines a frame type 
25 from the two types of frame synchronization information 
detected by the first detection means , thereby output ting 
a frame type signal. 
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[Claim 5] The communication controller or the 
communication control system according to claim 5, 
wherein the frame format has a frame structure of a 
synchronous digital hierarchy (SDH) ; the first detection 
5 means has a detection section for detecting first and 
second frame synchronous information from section 
overhead (SOH) of each frame; and the first determination 
means has a counter for counting the number of times first 
and second frame synchronization information items 

10 detected by the first detection means and a first 
determination section which determines a frame 
synchronization pattern as having been detected when a 
count value of the first frame synchronization 
information and a count value of the second frame 

15 synchronization information are equal to each other, 
thereby outputting a frame-type signal of a synchronous 
transmission module (STM) corresponding to the count 
value . 

[Claim 6] The communication controller or system 
20 according to claim 5, wherein the first determination 
means further comprises 

a second determination section which counts the 
number of times the frame synchronization is detected 
when the frame synchronization pattern has been detected 
25 and determines frame synchronization as having been 
determined when the count value of the frame 
synchronization pattern has reached a predetermined 
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number of times, thereby outputting a frame 
synchronization signal. 

[ Claim 7 ] The communication controller according to claim 
1 or the communication control system according to claim 
5 3, wherein the second detection means detects, from 
control information of the communication data, 
information representing the position of a data head; 
and the second determination means determines the layout 
configuration of information which is detected by the 

10 second detection means and represents the position of 
the data head and outputs a container type corresponding 
to the determined layout configuration. 
[Claim 8] The communication controller according to 
claim 1 or the communication control system according 

15 to claim 3, wherein the second detection means detects, 
from the control information of the communication data, 
instruction information representing the position of a 
data head; and the second determination means determines 
the layout configuration of information representing the 

20 position of a data head, on the basis of the frame-type 
signal output from the first determination means and the 
information detected by the second detection means and 
outputs a container type corresponding to the layout 
configuration determined . 

25 [Claim 9] The communication controller according to 
claim 1 or the communication control system according 
to claim 3 , wherein the frame format has a frame structure 
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of an SDH; the second detection means has a detection 
section f or detecting a pointer representing the position 
of a data head from an SOH of each frame; and the second 
determination means has a third determination section 
which determines a layout configuration of the pointer 
detected by the second detection means and determines 
a container type of a virtual container corresponding 
to a combination of the layout information. 
[Claim 10] The communication controller system 
according to claim 9, wherein the second determination 
means further comprises 

a first storage section for storing container type 
information about a certain frame determined by the third 
determination section ; 

a second storage section for storing container type 
information about the next frame determined by the third 
determination section ; 

a comparison section for comparing container- type 
information items stored in the first and second storage 
sections; and 

an output section which accurately determines a 
container type of a frame of received data when a match 
exists between comparison results and outputs the 
container type. 

[Claim 11] The communication controller according to 
claim 1 or the communication control system according 
to claim 3 , wherein the frame format has a frame structure 



of an SDH; 

the first detection means has a detection section for 
detecting frame type information from an undefined area 
of an SOH of each frame; and the first determination means 
5 has a determination section for outputting a frame-type 
signal of an STM corresponding to the frame-type 
information detected by the first detection means. 
[Claim 12] The communication controller according to 
claim 1 or the communication control system according 
10 to claim 3, wherein the frame type has a frame structure 
of an SDH; 

the second detection means has a detection section for 
detecting frame type information from an undefined area 
of an SOH of each frame; and the second determination 
15 means has a determination section for outputting a 

container- type of a virtual container corresponding to 
the container- type information detected by the second 
detection means. 

[Claim 13] The communication controller according to 
20 claim 1 or the communication control system according 
to claim 3, further comprising reporting means for 
reporting a frame type and/or a container type to the 
outside . 

[Claim 14] A communication control method comprising: 
25 a first detection step of detecting first specific 

information of communication data transmitted in the form 
of a frame; 
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a first determination step for determining a frame 
type of the communication data on the basis of a result 
of detection performed in the first detection step; 

a second detection step of detecting specific 
5 information of communication data transmitted in the form 
of a frame; and 

a second determination step of determining a 
container type of the communication data on the basis 
of a result of detection performed in the second detection 
10 step. 

[Claim 15] The communication control method according 
to claim 14, wherein, in the first detection step, two 
types of frame synchronization information are detected 
from control information of the communication data; and, 
15 in the first determination step , a frame type is determined 
by the two types of frame synchronization information 
detected in the first detection step, thereby outputting 
a frame- type signal. 

[Claim 16] The communication control method according 
20 to claim 14, wherein, in the second detection step, 

information representing the position of a data head from 
control information of the communication data; and, in 
the second determination step, a layout configuration 
of information representing the position of a data head 
25 detected in the second detection step is determined, and 
a container type corresponding to the determined layout 
configuration . 
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[Claim 17] The communication control method according 
to claim 14, further comprising a report step of reporting 
a frame type and/or a container type to the outside. 
[DETAILED DESCRIPTION OF THE INVENTION] 
5 [0001] 

[Technical Field to which the Invention Pertains] The 
invention relates to a communications controller which 
automatically determines the frame and container type 
of data which have been received by a communications 

10 terminal in the form of a frame such as a synchronous 
digital hierarchy ( SDH ) . Further , the invention relates 
to a communications control system which automatically 
performs initialization according to a line by merely 
connecting a device to the line when the type of the line, 

15 such as a frame type and a container type , is undetermined, 
thereby rendering the device communicable . 
[0002] A communications system, such as broadband 
aspects of Integrated Services Digital Network (B-ISDN) , 
adopts an SDH interface as an interface for specifying 

20 a bit rate of data which travel over a transmission line. 
The SDH is an international standard interface 
standardized by the International Telecommunication 
Union-Telecommunication Standardization Sector (ITU-T) 
(the former CCITT) with a view toward multiplexing 

25 communication services of various bit rates ranging from 
communication services of existing low-speed bit rates 
to communication services of future high-speed bit rates . 



In Japan, the Telecommunication Technology Committee 
(TTC) has added, to the SDH, a unique stage of bit rate 
which is not included in the ITU-T standard, thus defining 
the SDH as a domestic standard interface. 
5 [ 0003] In connection with the SDH interface, a bit rate 
of data to be transferred is defined in accordance with 
a frame type. Fig. 8 shows the frame configuration of 
an STM- 1 # which is an SDH complying with the ITU-T standard 
and has a bit rate of 155.52 Mbps as a basic speed, as 
10 well as showing a method of multiplexing data of a known 
low-speed bit rate. 

[0004] As shown in Fig. 8, one frame is formed from a 
unit of one byte and has nine vertical rows and 270 
horizontal columns. Data are sent from left to right 

15 within a row. Information required for maintenance and 
management of communication is included in Section 
Overhead (SOH). Actual data, such as Asynchronous 
Transfer Mode (ATM) cell, are stored on the right side 
of the SOH. The actual data are housed in a virtual 

20 container (VC). Here, the VC is like a box for storing 
known low-speed data and has a standardized bit rate 
(VC -3:48. 960 Mbps , VC -4:150. 336 Mbps ) . Information for 
managing a container , which is called Path Overhead ( POH ) , 
is added to the first column of the VC . 

25 [0005] In the case of a Synchronous Transport Module-1 
( STM- 1 ) frame , a frame is formed by multiplexing one VC- 4 
container or three VC-3 containers by means of a 
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byte - interleave method. At this time, a payload of the 
STM-1 is larger than the three VC-3 containers in terms 
of the number of bytes . Hence , when three VC- 3 containers 
are multiplexed , a clearance between pay loads of the STM- 1 
5 is filled with a so-called stuff byte. 

[0006] Fig. 9 shows the flow of multiplexing of an SDH 
which is the standard of the TTC. 

[0007 ] As shown in Fig. 9, even in the case of the TTC 
standard SDH, an STM-1 is a frame which has the basic 
10 unit of a bit rate. A frame which is higher in order 
than STM-1 is formed by multiplexing N STM-1 modules and 
is called an STM-N. The bit rate of the STM- N is 
155.52xNMbps (N is an integer). 

[0008] As mentioned above, according to the Japanese 
15 TTC standards, a low-speed frame is additionally defined 
in addition to a system of bit rate produced by 
multiplexing the STM - 1 . As shown in Fig . 9 , the low - speed 
frame is formed by multiplexing only one VC-3 container 
and is called STM-0, which is a frame having a bit rate 
20 of 51.84 Mbps . As shown in Fig. 10, the frame assumes 
a size of 1/3 the STM-1. 

[0009] Communication data of such configuration are 
transmitted over a transmission line in the form of a 
frame and received by a communication terminal. A 
25 portion of the communication terminal adjoining to a line 
corresponds to the lowest-level layer, called a physical 
layer , in terms of the hierarchical structure of a protocol . 
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In the physical layer, SOH, POH, and a stuff byte are 
removed from a received frame , and only a pure data portion 
(e.g., an ATM cell in ATM communication) is extracted. 
The thus - extracted data portion is delivered to a 
5 higher- level layer . These processing operations (i.e., 
frame disassembly processing) vary according to the type 
of a received frame (STM-O, STM-1, ...) and a container 
type (VC-3, VC-4). For instance, as shown in Fig. 10, 
in the case of STM-0, 87 payload bytes including stuff 
10 bytes are sent so as to follow three SOH bytes. As shown 
in Fig. 8, in the case of STM-1, 261 payload bytes are 
sent so as to follow nine SOH bytes. 

[0010] Because of such a difference, the manner of 
performing frame disassembly processing must be changed 

15 in accordance with the type of a received frame and a 
container type. To this end, an instruction program to 
be imparted to a processor provided in a physical layer 
which controls hardware for frame disassembly processing 
must be changed in accordance with the type of a received 

20 frame and a container type. For this reason, when an 
attempt is made to start communication by connecting a 
communication terminal to a line, the user must download 
a program for frame disassembly processing or frame 
assembly processing to be performed in a transmission 

25 system from external memory into program memory in the 
physical layer by means of a host CPU outside the physical 
layer LSI. However, for the foregoing reasons, the user 
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must have ascertained the frame type and container type 
of data on a communication line. 

[0011] Conventionally, Japanese Patent Publication No. 
HEI 7-14156 describes a synchronous multiplexing 
5 transmission method which enables a single multiplex 
transmission system to handle a plurality of types of 
signals (virtual containers) while ensuring 
compatibility. More specifically, a virtual container 
in a transmission frame is determined by identifying a 

10 pattern of a pointer, thereby determining a service 
offered a received signal. As a result, disassembly 
corresponding to the service is enabled. Further, there 
is added pointer processing, wherein information about 
an AU pointer of a preceding frame is stored and the 

15 information is compared with a currently-received 

administrative unit pointer (AU pointer) . Concurrently, 
a pointer translation function is also added . As a result , 
services of two or more types are realized with use of 
a single method while compatibility between the services 

20 is maintained. 
[ 0012 ] 

[Problem that the Invention is to Solve] As mentioned 
above, the communications controller which handles 
communication data of foregoing format is based on the 
25 precondition that a user of a communication terminal has 
ascertained the frame type of data transferred over a 
line beforehand. However, in a case where data are 
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transmitted while the frame type and container type of 
data are changeable or where the types are not ascertained 
beforehand, the user of the communication terminal cannot 
perform initialization (e.g. , downloading of a program) 
5 required for decomposing and assembling a frame of a 
physical layer LSI if the user has failed to ascertain 
beforehand the frame type and container type of data on 
the line. 

[0013] Initialization must be performed by the user, 
10 and this in turn entails consumption of efforts. This 
problem has presented obstacles to development of a 
communication device which can be easily handled by an 
ordinary user who has little knowledge about a computer 
or the like. 

15 [0014] The invention has been conceived in light of the 
foregoing descriptions and aims at providing a 
communication controller which facilitates transmission 
and receiving operations by means of determining by itself 
the frame and container type of communication data. 

20 Further, the invention aims at providing a communications 
control system which determines by itself the frame and 
container type of communication data, performs 
initialization required for disassembly and assembly of 
a frame, and facilitates transmission and receiving 

25 operations. 
[0015] 

[Means for Solving the Problem] To achieve the objects. 



according to a communication controller and a 
communication control method of the invention, 
determination information for determining a frame type 
according to contents of information constituting 
communication data is detected from among communication 
data to be communicated in the form of a frame; a frame 
type of communication data is determined on the basis 
of detected determination information; and a container 
type of communication data is determined on the basis 
of detected determination information by detecting 
detection information to be used for determining a 
container type according to contents of information 
constituting the communication data from among the 
communication data to be communicated in the form of a 
frame . 

[0016] According to a communication control system of 
the invention , determination information for determining 
a frame type according to contents of information 
constituting communication data is detected from among 
communication data to be communicated in the form of a 
frame; a frame type of communication data is determined 
on the basis of detected determination information; a 
determination information to be used for determining a 
container type according to contents of information 
constituting communication data is detected from the 
communication data communicated in the form of a frame; 
a container type of communication data is determined on 
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the basis of the detected detection information ; a program 
for subjecting communication data corresponding to the 
determined frame type and the container type to frame 
processing is selected; and frame processing of 
5 communication data is executed according to the selected 
program . 
[ 0017 ] 

[Embodiment of the Invention] An embodiment of the 
invention will be described hereinbelow by reference to 
10 drawings . 

[0018] Fig. 1 is a view showing the configuration of 
a communications controller according to an embodiment 
of the invention. 

[0019] Before the configuration of the communications 
15 controller of the embodiment is explained, the principle 
of determining the frame type and container type of 
communications data is described. 

[0020] Fig. 2(A) shows contents of an SOH of an STM-0 
frame, and Fig. 2(B) shows contents of an SOH of an STM-1 
20 frame. 

[0021] In Fig. 2(B) , bytes assigned asterisks are bytes 
which are not scrambled. Bytes assigned are bytes which 
are reserved for domestic use and are undefined. Blank 
bytes are undefined bytes reserved for future 
25 international standardization. 

[0022] In Figs. 2(A) and 2(B), the frame type and 
container type of data are determined by utilization of 
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a specific byte in the SOH . Al and A2 bytes are fixed 
bytes to be used for synchronizing a frame ,- wherein the 
Al byte has a value of F6H, and the A2 byte has a value 
of F28H. The STM-0 has one Al byte and one A2 byte. The 
5 STM- 1 has three Al bytes and three A2 bytes . Accordingly, 
a frame type can be determined by examining the number 
of Al and A2 bytes. If a frame type has been determined, 
back protection synchronization corresponding to the 
length of that frame is effected, whereby a frame type 
10 can be determined more accurately. 

[0023] A method of determining a container type will 
now be described. 

[0024] First, in the case of an STM-0, a container is 
limited to a VC-3. If the type of data is determined 

15 to be an STM-0, a container type is determined uniquely. 
Next, in the case of an STM-1, attention is paid to a 
byte having an AU pointer labeled thereon. An AU pointer 
indicates the position of a head of a multiplexed container 
in the frame. In the case of the STM-1, in order to 

2 0 determine a container type , first 6 bytes in the AU pointer 
are required. Here, the AU pointer will now be described 
by taking the STM-1 as an example. The description is 
readily extended to the case of an STM-N. 
[0025 ] Figs. 3A to 3E show the configuration of first 

25 six bytes of an AU pointer of the STM-1. The drawings 
show Hl=( 1001SSXX) or (0110SSXX), Y= ( 1001SS11 ) , 
H2= (XXXXXXXX) , 1*=(11111111) . Here, SS = 10, X 



designates a non-fixed bit to be used for indicating the 
position of a container head. "I" designates a byte 
defined by the invention; for example, (10000000), 
[0026] The configuration shown in Fig. 3(A) relates to 
5 an AU pointer used when one VC-4 is multiplexed. In this 
case, only a pair of bytes consisting of an HI byte and 
an H2 byte is required. Hence, a Y byte and a 1* byte 
are inserted at the remaining positions. 
[0027] Fig. 3(B) shows the configuration of an AU pointer 

10 when three VC-3 containers are multiplexed. By means 
of the configuration, the first (second, third) HI byte 
from the left and the fourth (fifth, sixth) H2 byte from 
the left constitute a pair. The pair indicates the head 
position of the first (second, third) container. For 

15 instance, two bits at the end of the first HI byte from 
the left and eight bits of the fourth H2 byte from the 
left are combined together, to thereby produce 10 bits 
(bits assigned X) . Numerals from 0 to 782 (decimal) are 
represented by 10 bits (87x9 = 783) . By means of the values , 

20 the head position of the first container is indicated. 
The head position of the second container and that of 
the third container are displayed in the same manner. 
[0028] The configurations shown in Figs. 3(C) to 3(E) 
are not stated in any of standard specifications of the 

25 ITU-T or those of the TTC . Those configurations are 
possibly AU pointers corresponding to conceivable 
multiplexing formats of a container. Figs. 3C and 3D 
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show a case where only one VC-3 container is loaded into 
the STM-1 frame. Fig. 3E shows a case where two VC-3 
containers are loaded into the STM-1 frame. 
[ 0029 ] A container type can be determined by combination 
5 of HI, H2, Y, 1* # and I bytes appearing in the AU pointer. 
The following three combinations; namely, (HI, H2), (Y, 
1*), and (Y, I), are defined as combinations of bytes 
constituting a pair (e.g., the first and fourth bytes 
from the left) . There is no chance of these combinations 

10 being confused. Properly speaking, one byte is defined 
so as not to be confused, in accordance with requirements 
to be described later. Accordingly, the number of 
containers included in a frame can be determined by 
ascertaining the location of a pair in an AU pointer and 

15 the nature of combination of the pair. 

[0030] As can be seen from the previously- described 
configuration of bits of the HI, H2, Y, and 1* bytes, 
the HI byte and the Y byte assume a single value, and 
the H2 byte and the 1* byte assume another single value. 

20 Hence, a combination (HI, H2) and a combination (Y, 1*) 
cannot be distinguished from each other. Hence, 
distinction between the AU pointer shown in Fig. 3(A) 
and that shown in Fig. 3(B) seem to be difficult at a 
glance. However, in reality, such difficulty is not 

25 encountered. The reason for this is that a value 

(1111111111) formed by combination of last two bits of 
the Y byte and the 1* byte is greater than 782 (decimal) 
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and cannot be a value of combination ( HI , H2 ) . Therefore , 
the definition of "I" byte must satisfy the following 
requirements for distinguishing combination (HI, H2) 
from combination (Y, I). Specifically, 10 bits formed 
by combination of last two bits (11) of the Y byte and 
the I byte must be a value exceeding 782 (in decimal). 
So long as the requirement is satisfied, the definition 
of the byte "I" may be arbitrary, 

[0031] The nature of the method of determining a 
container type has been described above. An exceptional 
operation of the AU pointer will now be described. 
[0032] Here, exceptional operations are increment of 
an AU pointer and decrement of the same. When a minute 
phase difference existing between the clock of the 
physical layer and the clock of a higher layer which 
exchange data with the physical layer has been accumulated 
to such an extent that the difference cannot be negligible , 
a physical layer at a transmission end acquires the byte 
of a payload to a predetermined location on one SOH . All 
data subsequent to the byte are shifted forward by one 
byte, or one vacant byte is inserted into the payload, 
thereby shifting all subsequent data sets backward by 
one byte. Thus, the phase difference of the clock is 
adjusted. More specifically, in the former case, the 
value of the AU pointer is decremented by one ( DECREMENT ) . 
In the latter case, the value of the AU pointer is 
incremented by one (INCREMENT). In order to report a 
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physical layer at a receiving end of the processing having 
been performed, an AU pointer is transmitted while the 
eighth bit from the HI byte of the AU pointer and the 
second, fourth, sixth, and eighth bits of the H2 byte 
are inverted in the case of a decrement. In the case 
of an increment, an AU pointer is transmitted while the 
seventh bit from the head of the HI byte and the first, 
third, fifth, and seventh bits of the H2 byte are inverted . 
[0033] When the AU pointer having the bits inverted for 
exceptional processing has been received, bytes included 
in the pointer may fail to be identified or may be 
determined to be other bytes. In order to avoid such 
a problem, two frames of AU pointers are examined. If 
they are identical with each other, a container type is 
determined from details of the AU pointers. If the AU 
pointers differ from each other in terms of details, 
increment or decrement processing is considered to have 
been performed. After details of the AU pointers of two 
successive frames have become identical with each other, 
a container type is determined. 

[0034] The main point of determination of a container 
type resides in extraction of data having information 
about a container type from the received data and 
determination of a container type by means of decrypting 
the extracted data. Accordingly, so long as data have 
information about a container type, any data may be 
employed other than the byte of the AU pointer. For 
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instance, if data are transmitted while a container type 
is written, at a transmission end, in an undefined byte 
in the SOH , a container type can be read and determined 
at a receiving end. This completely applies to 
5 determination of type of a frame, 

[0035] Turning back to Fig. 1, and the configuration 
of the communication controller of the embodiment will 
now be described. 

[0036] As shown in Fig. 1, reference numerals 1, 2 
10 designate data buses for transmitting received data. 
Reference numeral 3 designates a frame-type 
determination circuit; and 4 designates a container- type 
determination circuit. Received data flow from the data 
bus 1 to the data bus 2. Reference numeral 5 designates 
15 a signal line for reporting the type of the frame 

determined by the frame-type determination circuit 3 to 
the outside. Reference numeral 6 designates a signal 
line for reporting establishment of a frame in the 
frame-type determination circuit 3 to the container- type 
20 determination circuit 4 . Reference numeral 7 designates 
a signal line for reporting a container type determined 
by the container- type determination circuit 4 to the 
outside . 

[0037] Fig. 4 is a view showing a specific example of 
25 configuration of the frame-type determination circuit 
3 shown in Fig. 1. As shown in Fig. 4, reference numeral 
8 designates a detection circuit having a signal line 
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which detects an Al byte or A2 byte from the received 
data flowing through the data bus 1 and which reports 
the detected byte. Reference numeral 9 designates a 
determination circuit which determines a frame type and 
5 controls a determination operation. Reference numeral 
10 designates an Al byte counter for counting the number 
of times an Al byte is detected; and 11 designates an 
A2 byte counter for counting the number of times an A2 
byte is detected. Reference numeral 12 designates a 

10 comparison circuit which compares the value of the Al 
byte counter with the value of the A2 byte counter and 
which has a signal line for reporting occurrence of a 
coincidence between the values. Reference numeral 13 
designates a signal line for reporting that a frame 

15 synchronization pattern has been detected at a correct 
timing. Reference numeral 14 designates a frame-type 
determination signal line for reporting a frame type 
determined by the determination circuit 9. Reference 
numeral 15 designates a back protection counter which 

20 counts the number of times frame synchronization patterns 
having consecutively arisen are counted upon receipt of 
a report from the signal line 13. Reference numeral 16 
designates a frame synchronization signal line for 
reporting that the value of the back protection counter 

25 15 has reached a specified number of back protection 
stages . 

[0038] Next, the operation of the frame-type 
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determination circuit 3 will now be described by reference 
to a flowchart (algorithm) shown in Fig. 5. 
[0039] First, from the received data flowing through 
the data bus 1 , the A1-A2 byte detection circuit 8 detects 
5 a bit string (F6H) corresponding to an Al byte (step SI) . 
If an Al byte is detected, the determination circuit 9 
increments the Al counter 10 for counting the number of 
Al bytes, upon receipt of a report (step S2). If the 
next byte is an Al byte again, the Al counter 10 continues 

10 incrementing operation. However, if another byte other 
than Al and A2 bytes has been detected, the determination 
circuit 9 deems the bytes detected thus far not to be 
part of a synchronization pattern. The Al counter is 
reset , and processing returns to the top of the algorithm . 

15 [0040] If the A2 byte is detected in succession to the 
Al byte (step S3) , the determination circuit 9 increments 
the A2 counter 11 (step S4). A result of comparison is 
reported by the comparison circuit 12, which compares 
a value of the Al counter 10 and that of the A2 counter 

20 11. If the comparison result shows that no coincidence 
exists between the values (i.e., the value of the Al 
counter is not equal to that of the A2 counter) (step 
S5), a check is made as to whether or not the next byte 
is the A2 byte (step S6). If the next byte is A2 byte, 

25 the A2 counter 11 is incremented (step S4) , thereby again 
checking the comparison result (step S5). 
[0041] Such operations are repeated. If a coincidence 



has arisen between the values of the two counters (i.e. , 
the value of the Al counter - the value of the A 2 counter) , 
the frame synchronization pattern is determined to have 
been detected. In contrast, if a byte other than the 
5 A2 byte is detected before the number of Al bytes becomes 
equal to that of the A2 bytes, the Al and A2 bytes that 
have been detected thus far are deemed not to constitute 
part of the synchronization pattern, and processing 
returns to the top of the algorithm. 

10 [0042] When the frame synchronization pattern is 

detected, the determination circuit 9 counts the value 
of the Al counter ( step S7 ) . If the value of the Al counter 
is one, a frame type is determined to be an STM-0 frame. 
If the value of the Al counter is 0 , a frame type is 

15 determined to be an STM-1 frame. A frame-type signal 
corresponding to the number of values of the Al counter 
is output from the signal line 14 (stepS8). Concurrently , 
the synchronization pattern detection signal is sent to 
the rear protection counter 15 by way of the signal line 

20 13 (step S9). If a synchronization pattern detection 
signal is transmitted continuously in only a specified 
number (the number of back protection stages), the back 
protection counter 15 deems frame synchronization to have 
been determined. Hence, a high-level frame 

25 synchronization signal is output to the frame 
synchronization signal line 16. 

[0043] Fig. 6 is a view showing an example configuration 
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of the container- type determination circuit 4 shown in 
Fig. 1. 

[0044] As shown in Fig. 6, reference numeral 17 
designates a shift register which acquires necessary bits 
5 from the AU pointer and stores the thus - acquired bits. 
Reference numeral 18 designates a decoder. The decoder 
decodes a bit stored in the shift register 17, thereby 
determining the type of a byte constituting the AU pointer . 
Reference numeral 19 designates a selection circuit . The 

10 selection circuit delivers an output from the decoder 
18 to either a shift register 20a or a shift register 
20b. Reference numeral 21 designates a comparison 
circuit for comparing an output from the shift register 
20a with an output from the shift register 20b. If a 

15 coincidence exists between the outputs, a high-level 
coincidence signal is output to the signal line 22. 
Reference numeral 23 designates a gate circuit. When 
the signal line 22 is high level, an output from the shift 
register 20b is output to a signal line 24 reporting a 

20 container type. Reference numeral 25 designates a 
control circuit. The control circuit 25 receives a 
frame-type signal and a frame synchronization signal from 
the frame-type determination circuit 3 , a decoding result 
from the decoder 18, and a comparison result from the 

25 comparison circuit 21 , and controls operation of the shift 
register 17, that of the selection circuit 19, that of 
the shift register 20a, that of the shift register 20b, 



and that of the comparison circuit 21. 

[0045] By means of such a configuration, when a frame 
synchronization signal indicating establishment of frame 
synchronization is reported by the frame-type 
5 determination circuit 3 by way of a signal line 27 , the 
control circuit 25 starts operating and performs control 
operation in accordance with the type of a fame reported 
by way of the signal line 26. 

[0046] First, the shift register 17 acquires necessary 
10 bits from the AU pointer from the data bus 2 and stores 
the thus-acquired bits. As described in connection with 
the principle of determination of container type, bits 
to be stored are last two bits of each of first three 
bytes of the AU pointer. In relation to subsequent three 
15 bytes, all bits of each of the bytes are to be stored. 
Accordingly, a total of 30 bits (10 bits x 3 sets) are 
stored in the shift register 17. 

[0047] In accordance with the foregoing method, the 
decoder 18 determines how the AU pointer is configured 

20 through use of the HI byte, the H2 byte, the Y byte, the 
1* byte , and the I byte , from contents of the shift register 
17 . The decoder 18 outputs a tentative type of a container . 
Here, if the AU pointer performs increment and decrement 
processing operations, there may be a chance of none of 

25 the HI, H2 , Y, 1*, and I bytes in the configuration of 
the AU pointer having been determined through bit 
determination operation. In such a case, the decoder 
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18 reports a determination failure to the control circuit 
25, and the control circuit 2 5 again performs 
determination operation from the next frame. 
[0048] Even when the bytes have been determined, there 
5 still remains a chance of occurrence of determination 
failures due to inversion of bits, it is ascertained that 
the tentative type of a container output from the decoder 
18 is properly determined. To this end, the selection 
circuit 19 delivers the output from the decoder 18 in 
10 the frame to the shift register 20a and delivers the output 
from the decoder in the next frame to the other shift 
register 20b, 

[0049] The comparison circuit 21 compares contents of 
the shift register 20a with contents of the shift register 

15 20b. If a coincidence exists between the contents, 

increment or decrement processing is determined not to 
have been performed. Hence, a container type is deemed 
to have been determined properly. A high-level 
coincidence signal is output to the signal line 22. As 

20 a result, the gate circuit 23 is opened, and a container 
type stored in the shift register 20b is output by way 
of the signal line 24. 

[0050] Next, Fig. 11 shows a communication controller 
having report means. Reference numeral 111 designates 
25 a f rame-and-container type determination circuit, which 
corresponds to the circuit shown in Fig. 1. Reference 
numeral 112 designates report means. The report means 



also serves as an interface for receiving a frame type 
and a container type, which are output from the 
f rame-and-container type determination circuit 111, and 
transmitting the thus-input type of a frame and that of 
5 container to the outside. The report means 112 may be 
provided with a conversion circuit, such as a signal 
formation conversion and parallel- to- serial conversion. 
Alternatively, the report means 112 may be equipped with 
a plug or a connector. Reference numeral 113 designates 

10 an external device comprising a computer including a CPU 
or the like. The external device enables effective 
utilization of an output frame type and/ or container type . 
A visible device or an audible display device, such as 
an LED, a liquid crystal panel, and a CRT may be provided 

15 as the external device 113 . In addition, an output device 
such as a printer or a storage device such as a floppy 
disk drive and a hard disk drive may be provided as the 
external device 113. In this way, a desired device can 
be connected to the communication controller. 

20 [0051] Fig. 7 is a view showing the configuration of 
a communication control system according to another 
embodiment of the invention. 

[0052] The embodiment shown in Fig. 7 is an embodiment 
of a communications control system which enables 
2 5 automation of initial setting of a physical layer required 
for activating a communications terminal device through 
use of a communication controller having the foregoing 



frame-and-container type determination circuit. 
[0053] Reference numeral 28 designates a communication 
device which can be integrally assembled in the form of 
an LSI. A desired constituent portion other than those 
5 shown in Fig. 7 can be integrated as a constituent portion 
to be formed into an LSI. 

[0054] In relation to the communication controller 28, 
reference numerals 29, 30, 31 designates receiving data 
buses. Reference numeral 32 designates a 

10 frame-and-container type determination circuit which 
corresponds to the circuit shown in Fig. 1. Reference 
numerals 33, 34 designate signal lines for reporting a 
frame-type signal and a container- type signal. 
Reference numeral 35 designates a host CPU for totally 

15 controlling the entirety of a communication terminal 
device which is a communication controller and is disposed 
outside the physical layer LSI. Reference numeral 36 
designates external memory. Reference numeral 37 a 
received data processing circuit which belongs to a 

2 0 physical layer and processes received data . For instance , 
a received frame processing section. Reference numeral 
38 designates a processor for controlling the received 
data processing circuit ; and 39 designates program memory 
for storing an instruction program to be given to the 

25 processor 38. 

[0055] By means of such a configuration, the 
frame-and-container type determination circuit 32 

29 



extracts frame synchronization from the received data 
output from the data bus 29, determines a frame type and 
a container type, and sends a the frame-type signal 33 
and the container- type signal 34 to the host CPU 35, The 
host CPU 35 instructs the external memory to download 
a processing program corresponding to the determined type 
of a frame and to the determined type of a container into 
the program memory 39 provided in the communication 
controller. In pursuant to the instruction program, the 
processor 38 subjects the received data processing 
circuit 37 to a control operation such as a frame 
disassembly processing operation. Even when frame 
assembly processing is performed, the processing is 
performed in the same manner as in the case of frame 
disassembly processing through use of a program. What 
the user must do at this time is to insert a plug of a 
terminal device into a receptacle of a communication line . 
[0056] Therefore, the terminal device automatically 
determines the frame type and container type of data 
flowing through a line. The terminal device sends a 
report to the host CPU such that the host CPU downloads 
a data processing program corresponding to the determined 
frame and container types. Thus, initialization of a 
physical layer, which must have hitherto been performed 
by the user thus far, can be automated. As a result, 
an operation required when the user starts communication 
is significantly reduced. Even an ordinary user who has 
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little knowledge about this field, the user can start 
communication very easily. 
[ 0057 ] 

[Advantage of the Invention] As mentioned above, 
5 according to the invention, a communication controller 
is provided with a frame-type determination circuit for 
determining a frame type and a container- type circuit 
for determining a container type. Hence, a necessity 
of an operation for determining a frame type and a 

10 container type becomes obviated. Further, there is 

obviated a necessity for determining a frame type and 
a container type before communication and reporting the 
types to a receiving side . Thus , determination of a frame 
type and a container type can be automated. Further, 

15 it becomes very easy for the sending and receiving sides 
to start communication, thus facilitating transmission 
and receiving operations . 

[0058] According to the invention, a frame processing 
frame corresponding the thus - determined frame type and 

20 container type is loaded. Initialization required for 
frame processing, such as disassembly and assembly of 
a frame of received data, can be automated. 
[0059] Further, according to the invention, when a 
coincidence exists between configurations of consecutive 

25 information for determining the types of containers, the 
information is determined to be correct. Even when 
information to be used for determining a container type 
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has been subjected to exceptional processing, a container 
type can be determined accurately. 
[Brief Description of the Drawings] 

Fig 1 is a view showing the configuration of a 
5 communication controller according to an embodiment of 
the invention; 

Fig. 2(A) is a view showing the configuration of 
an SOH of an STM-0 frame; 

Fig. 2(B) is a view showing the configuration of 
10 an SOH of an STM-1 frame; 

Figs. 3(A) through 3(E) are views showing the 
configuration of preceding six bytes of an AU pointer 
of the STM-1; 

Fig. 4 is a view showing the configuration of a 
15 frame- type determination circuit shown in Fig. 1; 

Fig. 5 is a view showing a flowchart of a frame-type 
determination circuit shown in Fig. 4; 

Fig. 6 is a view showing the configuration of the 
container- type determination circuit shown in Fig. 1; 
20 Fig. 7 is a view showing the configuration of a 

communication control system according to another 
embodiment of the invention; 

Fig. 8 is a view showing the configuration of an 
STM-1 frame; 

25 Fig. 9 is a view showing a method of multiplexing 

an SDH interface of an TTC standard; 

Fig. 10 is a view showing the configuration of an 



STM-0 frame; and 

Fig. 11 is a view showing the configuration of 
communication controller according to an embodiment 
the invention having report means. 

[Descriptions of the Reference Numerals] 

1, 2 DATA BUS 

3 FRAME-TYPE DETERMINATION CIRCUIT 

4 CONTAINER-TYPE DETERMINATION CIRCUIT 

8 Al, A2 BYTE DETECTION CIRCUIT 

9 DETERMINATION CIRCUIT 

10 Al BYTE COUNTER 

11 A2 BYTE COUNTER 

12, 21 COMPARISON CIRCUIT 
15 REAR PROTECTION COUNTER 
17, 20a, 20b SHIFT REGISTER 

18 DECODER 

19 SELECTION CIRCUIT 
24 GATE CIRCUIT 

28 COMMUNICATION CONTROLLER 

32 FRAME-TYPE, CONTAINER- TYPE CIRCUIT 

35 HOST CPU 

36 EXTERNAL MEMORY 

37 DATA PROCESSING CIRCUIT 

38 PROCESSOR 

39 PROGRAM MEMORY 
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FIG. 1 

3 FRAME-TYPE DETERMINATION CIRCUIT 

4 CONTAINER-TYPE DETERMINATION CIRCUIT 

5 FRAME-TYPE SIGNAL 

5 6 FRAME SYNCHRONIZATION SIGNAL 

7 CONTAINER-TYPE SIGNAL 

FIG. 2(A) 
AU POINTER 
10 SOH OF STM-O 

FIG. 2(B) 
AU POINTER 
SOH OF STEM-1 

15 

FIG. 4 

10 Al BYTE COUNTER 

8 A1-A2 BYTE DETECTION CIRCUIT 

11 A2 BYTE COUNTER 

20 9 DETERMINATION CIRCUIT 

12 COMPARISON CIRCUIT 

15 REAR PROTECTION COUNTER 
FRAME SYNCHRONIZATION SIGNAL 
FRAME-TYPE SIGNAL 

25 

FIG . 5 

SI IS BIT STRING Al BYTE? 




52 INCREMENT Al COUNTER 

53 IS BIT STRING Al BYTE, A2 BYTE-, OR OTHER BYTE? 

54 INCREMENT A2 COUNTER 

55 IS A VALUE OF Al COUNTER EQUAL TO THAT OF A2 COUNTER? 
5 S6 A2 OR OTHER? 

57 COUNT THE VALUE OF Al COUNTER 

58 SEND FRAME-TYPE SIGNAL 

59 SEND SYNCHRONIZATION PATTERN DETECTION SIGNAL 

10 FIG. 6 

517 SHIFT REGISTER 

518 DECODER 

519 SELECTION CIRCUIT 
20a, 20b SHIFT REGISTER 

15 21 COMPARISON CIRCUIT 

25 CONTROL CIRCUIT 

26 FRAME-TYPE SIGNAL 

27 FRAME SYNCHRONIZATION SIGNAL 

20 FIG. 7 

32 FRAME -AND- CONTAINER TYPE DETERMINATION CIRCUIT 

37 RECEIVED DATA PROCESSING CIRCUIT 

38 PROCESSOR 

39 PROGRAM MEMORY 
25 35 HOST CPU 

36 EXTERNAL MEMORY 
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FIG. 8 

STM-1 FRAME 

VC-4 CONTAINER X 1 

VC-3 CONTAINER x 3 

FIG. 9 

FRAME, CONTAINER 



FIG. 10 
10 STM-0 FRAME 

VC-3 CONTAINER 



FIG. 11 

COMMUNICATION CONTROLLER 
15 111 FRAME -AND - CONTAINER TYPE DETERMINATION CIRCUIT 

112 REPORT SECTION 

113 EXTERNAL DEVICE 
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[0 0 19] STttU^fc. COHffi0i|<D«^^S£0^r 

sic, mm^—?(Dy i^— assure n y^-rum* 

[0 0 2 0] 02 (A) (CSTM-O^U— AOSOH 
<E>l*g^£> i2 (B) tCSTM— 1 y\s — A<£>S 

[0 0 2 1] 02 (B) £:feV>T> *HJ^ft^-Sn&/t 
[0 0 2 2] 0 2 (A) &tfi2 (B) \Z^X, SO 

mm&tf^>^^m%\&nM'?z>&y\zLx^z><> a 

1, A2/H htt^l/— AH«B©fc86©HfiA< 
0, ^F6H, 2 8H©t*ttS. -e<Z>fi»ttt, S 
TM-OTBAl, W^lBfa STM 

- 1 Tttft* 3«fr>£:ft-5. foTAl, A2/Hh 

s^ta*^*. ^^-Acoagiwwje^nntf, ^-oo 

7^-AftK«i;fc»Er««nJBft«l-6 2:tfcJ;^T. 

[0 0 2 3] 5*Cfc> 3>ftl«OflS*SI^^TR 

[0 0 2 4] ^f, STM-0O»'&fcttJKJWSn53 
>fWC- 3 \zmt>nZ><DX, i»WSTM-0t 

fc> STM-lOi^Ctt au*w >^£ia«3nfc 
/HM:ai«. AU#>f >^tt^u— Arttr#Sft 



(5) *£BB¥8 - 2 9 3 8 4 7 

[0 0 2 5] 133 (A) -0 3 (E) \Z. STM- 1C0 
AU#-f >^0>fl9 6/Vf HflWcS^-r. 0+T, Hl = 
(1 0 0 1 SSXX) Xtt (0110SSXX) , Y = 
(1001SS11) , H2= (XXXXXXXX) , 
1*= (llllllll) £^To CI CT, S S = 1 
0, Xtt3>^^<Z)ft«ffiHSJib^Tfc«)<D#H«fc: 

0, WAtf (10000000) 
[0 0 2 6] 0 3 (A) f'^TfSjSte* 

YAM htl *A-f h£An<5o 
[0 0 2 7] 0 3 (B) 3 9CDVC- 3^1W 

HU 1 (2, 3) #a<DH 1 A-f h£&&>£4 

(5, 6) #@0H2A^ h»t^oT^0, log 

fe^ 6 i #a ©h i n>f h o*a© 2 If y h 
a? lotr^h (mau/txtga^nr^sbfy h) t> o 

^67 8 2 (1 0jt» £TC9gc£^L (8 7x9 = 7 
8 3) , CCDfit^ e fcoTl^B(^=I>5 = '^-CD^S@^ 
Sa*TS. 291, 3oScDn>^[r^v^Tt>l^^tc 
IsXftm&m&^mT&c 
[0 0 2 8] 03 (C) -03 (E) \Z7fr?mmt. I 
TU-T, TTCO^-rn<0«JPfi»K*5ViT'foMIBS 

fifc^SK#J&LfcAU4W>^»3. 0 3 (C) & 
tfB3DH VC-33>r«l^STM-l7 
30 Afcato&*rJ:d&#&T?*£. 0 3 (E) 

\$, v c - 3 3 >rt * 2 ^«^atr«k 5 fei^tr* 

5. 

[0 0 2 9] AUW>^© + l:Sn^>Hl 4 H2, 
Y, 1 . I /t-f h©a^fct£15u tl:J:-3t, 

<hbTte^0 3iit) : (HI, H2) , (Y, 1 *) , 

(y, i) atajean, zn*>}*m*\zmmtsnz>&ti 

[0 0 3 0] SftjzEbfcHl, H2, Y, 1 *A 

-f k &rXH2A>f hiii *aw htt-tn-enHCfi* 

BttmSGrP. (HI, H2) tt£ (Y, 1*) 
Sij)d^^f, cne.©AWNWcBtTra3 (A) 
coS^<h0 3 (B) a)^t^IKSiJ^^^:^^(DJ;^^ 
50 l^U S8Btja-e<Ocfc-5A^ttt«:^. fc-fffc: 
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(6) 

9 

aiiiiiiiii) «7 82 a omso 

T*5D, (HI, H2) #©«£LTfct*B;t&:V>7&>£ 

^nbCO^t^b, (HI, H2) JJi: (Y, 
I) »t©K9J*t?W-Sfc«)fctt, UHh©fi*tt* 

t>%* YA-f h©*«2 tfy h (11) tWHhSfi 
t)tfel0t:7Mt 7 8 2 (lOHMMMW 

[0 0 3 1] JKJi^^^^aWfl^ft^KW^K 

[0 0 3 2] «^»»fpttt, AUW^fiO^^'J 

h£ i^soHo^coif«DM, J^B 

c£>^— ^^^r i aw httric*re-r^\ fts^iisa© a? 

AW h£l^-f n-KKJfAU JKR^—^S^T 
lS^L (5^U*>h-) v «*©»-&fcttl«^T 

CO^IC^O^ Afc^ttS AU#< >^£>H 1 A 

3, s, 7ify he&sKSttraia-r*. 

[0 0 3 3] ^<D«t-5fe«(^»ffl31©fc«)l:KlBUfclf 
AUW>^*2 7l/-A»i^T, ^n^^H-T?& 

[0034] r3 >^j-mmmmv>m&\z, &m^-9<D 

ttffiU itn**«t & ^ t K: J; 0 a >ftl»JS«Jl 

s^aw ht*m«T3>^^as"j*«^>u-ejiie"r 
wrrsii c(D^<h«, 7 z*«w<©w 50 



»BB¥8-2 9 3 8 4 7 

JO 

[0 0 3 5] gllCloT, ^<D*»«lO«fl6& 

BWrr-s. 

[0036] HicfeDT, 1, 2 tt^n-ens«T- 

filslK, 4»i3>^a»]2pJS|pIBT»<b. Sftx-* 

te, ^/U 1 ^A*X 2 

5 tt7 1/- A«9Jfflffi[sIS8 3 {r*5liT*J3e$nfc7 

^a»j*^«Bfca»]-rsfe«)<ofi^«T*s, 6 \$y v 

[0 0 3 7] \Ztk-?7 V— &mwmi£\°\¥& 3 

r-^/U 1 (D&m^—PfrbA 1 AW hJfcttA2/t 

10, 11 «^n^nA 1 aw k A2 aw hatjfttfja 

nfc®*&St7tafc«)OA 1 A< h*^>^A2A 
^h^-^mSo 12UAlWh*^>^C!)it 
A2 AW h#^>^coM£J£i&U SLifciLt* 

a»-rsfc«>o«^*?£wrsJt«iiiKTa»*. 1 3 

}** 7]s—2*ftW*& — >&JEl*^*^*>#-V#tmt< 
nrc^i:S:il^lTa^^^l^^A 0 ^->^tti^^^ai 

-r 1 4ttW3eiHigS9tc*^TW3esn 

1 5tt«^««*»>>^"C*0, «*t»l 3 (DM 

*miii*:&»^±frf«. 1 6tta^««*»>>^ 1 so 

[0 0 3 8] JiE»dt<o»ff&H5©7n— 
[0039] "r— l_h©a«x— ^O**^ 

6, Al, A 2 AW MHaHHB8l:^^TA 1 AW 

ffi^r^tr^h^j (F6H) <o«a*tfffcn5 

xs i) o aiaw h^ttfflsnntf, ^<Dmm&%:if 

TW^|5I»9ttA 1 AW hC0|@»^^^>h-raA 1 ^7 
1 0 £>f >2MJj*>h-r* (Xf^^S 2) o ^ 
O/Hh^lilTAl/HhTWi A1^7^>^ 
1 0O-r>^iJ^>h^Mtt^>o Al, A2WNW 
<D T^cD^j <Z)AW h?5«*HiSnfct^tt, W^@»9 

3&^ofeta?S:U Al*»»^UtyHTRtf7 

[0 0 4 0] — A1;HMC»^T, A2/HW 
«tH3nntf (Xf^S3) , WffilHlB9ttA2*^ 
>^1 1 >^U^>h-T^> Ufy7 f S4) . *L 
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(7) 

11 

X. A 1 j3*y>& 1 OOltA 2jl^>*7 1 1 (Dm&tt 

«-rsjtttia»i 2A^itttii8*<7)a*i«stts. it* 

M^A2^7^>^fI) (Xf7^S5) , #<Z>/Vf 
A2/H M^^^SB^T Ur^yS6) , A2/t 

5) . 

[0 0 4 1] COJ;-5^»fPS«0jgU 2acD#^> 

^ii^-stna (a i^^>^i=a2^j^>^ ^ 

— A l/H h«t a h0M«U< ^ 

sane* a 2 aw h^^/H h?miBsnnn -en 

[0042] ^i—A[wiMA^->^m^n/t^tc 
fy^s7) . a i ^ ^ >^ t7)u -e^ntf 7 1/- as 
*ntt7U-AiJWSTM- i yv— KX%%tM1ft 20 

T^o ^LT, Al*^>^«©H*fc»JKbfc7U- 

8) o s/siihwh;:, raan/^^->*ffl«^&«#iiii 3 

^^ITIMI^^V^ 1 5 ElSiS (Xf^^S 

9) o i 5 -ettu raj«/^^->«a* 

1 6 IC/W U^cd? U-A^JW*^£ttlAT 

[0043] g6»ai i:^ta V'T-^-asJWjeiaK 4 

[0 0 4 4] 06l:i5ViT t HH^hU^T* 

-T^o 18lir3-mD, S'? hUi?X? 1 7 KB 
««*n*:tfv h=£T3-HUT, AUW>^SiftL 
Tl^SAW hoti^fil^ta. 1 9taM*RlHlgrr& 
0, 5*3 — ^1 8<7>tU^7^^>^h Ui?X^2 0 aX&2 

o b^viTn^— *icm*-r«». 2 1 »jt«iaBT7* 

y7 M/^X^ 2 0 a 7 FVyX^ 2 0 b «ai 
i2 2j&Wf ^Wi#y7hI/yX^ 2 0 bcom^J 

«r3>-=r^a!gijsa»-rse#ji62 4tcffl*^rs. 25 

s^St^- F*S*£SW\ Jfc*HfiM»2 l*^tt««*Sr 
3W\ y7hl/yX^17, B«HI»19* *>7M/y 
X^2 0a, 2 0 bS^itfeJ£IUK2 1 ©»^^^J|?-r 

[0045] z.<D&5tem!&\z&\,*x* yu—^mwrn so 



W8-2 9 3 8 4 7 

12 

SlalB3d^«*il6 2 7 &^IT7 AHS!jW»£L 
fcCtS^t7l/- AHJH«*0*»»3nS£:, ffiDHH 

[0 0 4 6] £t\ y7M/^17lt r-^/U 

IB«-T^*bf^ h tteAU^f >^CDM3/W hKtH* 

KoV>Tteft*©/W h<©£lfy FT**. foty7 
M/^17l:l^||-3 0liyh (10b'7hx3 

jb) a*»*.sn«». 

[oo4 7] 5*3-^1 8 a >5 t ^-a»J ! R*©sa 

TiE^^jSfcfleii, '>7hI/^17©rtS^&A 
U3^>^©*j5fi**Hl, H2, Y, 1*. I/Hh^ 

tf, tfy h«(ri-3TAU^ >^0MCH 1 , H 
2, Y, 1*. I hOV^-rn 1>WBlE-e^r?5:VipJtEtt 

^*^fcCi:*«IHI|irK2 5fcS«U WJWUK2 5-C 

[0 0 4 8] -77, WHtf#fc»'&t?t), bfyhKet 

e»ffl*^n&-jK<z>3>^agwtiEu<wffi$n/t^ 
-T-^(75^w— Airi5tt^^3— ^i 8 corner y b v 

1 8C0a*ftt>p— ^©S^7 bU^X^2 0 btC*fLT 
[0 0 4 9] Jt$£tHN&2 1 tt, *>7M/^X* 20a(0 

rtst ->7 h 2 o bcfiststtttu -ene 

ff*>nrt^t^*uwuTcfc^(Z)"t?, iEb<3>5 : -^-s 
sj^wssnfcfeot^L/, mnm2 2\z/\<ii"vv 

CD— »*#Sffl*"TS. ^nt^^T, y-h[5I5&2 3 
rt*HI€r, M/5?X^2 ObJc^tt^nfen^^-a 
M£«-**2 4 ^LTtHMSo 
[0 0 5 0] t3€fKl. 0 1 It:, H»^R£tit*;fcB« 

«wft«£^"r. nut 7i/- a • □>Ttwifl 
jeiaKT»fK la i fc^-riMBfcffi^-r*. 11211 

0 , 7 1/- A • a >5^«Wfil5£lslf& 1 1 
1 <DMJ]X& £ y V-2±mmikTS^ >rtlWSA* 

U W:fem^>^7x»XT^I,o i»#ai 

i2H, afe^ja[^i*«i*c[)a!«iii8»s« 
*.r*>.ft^u 3^^^^T«^^nrviTt> 

11311, ^SBSMT^^, CPU#*-&tP3> 
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(8) 

13 

ftffiKBl 1 3tLTit LED, «ftA*;U. C 

^ bic, ^gpggi i 3tbtn r/y>**a>m 
[oo5i] ^7 \t*mMv>m<t>nm<Dj&m\zmfrz>w 

[0 0 5 2] 0 7 fc^T^MOJMBtt, ±iSUfc7U— 
A. =3>5 L ^a»J«3eHI»SfllAfcjl««»SB€fflVi i0 

3HR£ £ g »ffc U&aBWW yXfAW ^JBW"C3& 

[0053] 2 8it aftSBT&fK LSIftlt- 

[0 0 5 4] WtBfflffl&W2 8 tC&^T, 2 9, 3 0, 
3 1 USfff-^UtM. 3 2ti^l/— A, n>7=- 

3, 3 4it ^r^eny u-a«jw«-^ ^>^mm 

^»n«hCPUT^0> 3 6te^gM^U 
3 7^ait:feH-§^ir-^^lSnfc 

l«)6:£3&^ni:ffl^«. 3 8 ttaW^-^fflffililK 
3 7&MWTZ1tlsb(D7U'tey<V-7*%>K)+ 3 9^Pt 

0>^o^^A^^U"e*S„ 30 
[0 0 5 5] ^(D<k?f£ffir&\Zl5^T, y\y— A, n> 

awe-g- 3 4 hcpu35 tcaarr*. tohc 

P U 3 5 tt^HllS^t U 3 6 i:#*UT, We3ftfc:7U 

-a*m, n>rj-mw\\zftfoi,rzmm7a?7<u&m 

oT7 I/- A»»ffl31l«©«ni§S«-7 s -^fflS!ilK 3 40 
7fc3*LTff3. Afi^atTfflaaSff'S* 

— 1fj&*fr:5&K©**t0fclU M*«B<z>:/^i/£a«[§J 

[0 0 5 6] Lfctf^T, ©ift&Stn*^— ^O^V — 
A»W, n>T-^-aWJ***WBa#)5«a»«36LT, 



»BH*8-2 9 3 8 4 7 

14 

[0 0 5 7] 

[3B9i<©i»*] -O^^ *S85HTtt, ^Btc^I/- 

A^aw&w^rs^^-AaMw^iPiKt, n>^^ 
g@ a 7 a«wj^: s mc n >^-rmm & w^-r 

SJlt^Tf^S. b/c^T, 3.— Ifdt^U— Aa»m 

£&:7 Aa»Jft:StX(ca>5 L ^W3iJ*afii9(c : ?8& 
EDft&T3«(IJfca»^£#Hfc&<fe0, iMf- 
^07l/-A»tf3>ftOlgiJ©W£Si!!ift;t§^ 

m&m®T^mizmt&?%zh&xz&&o\zt<siv^ st 

[0 0 5 8] *B«MtJ;n«, fl£Snfc71/ 

[0 0 5 9] ^etc, *BJ*IB^J;nH *«Lfc:7V 
— 1\(DZ2 >5^^a»J&*J)feT***©SlJ«^— »Lfc» 

[0M(Dfg¥fclfcip§] 

ran *&xm<o—^v>mM<ommzmt>&mmmm 

[02] 02 (A) teS TM- 0 Atf>SOHCD#| 
&&*k-?m. 3Sfc, 0 2 (B) SSTM-17U-A0 

[03] 03 (A) - (E) \t, STM-1WAUW 

[04] 01 \ztty\s-j*S9m&®»e>m&&*:T 

[05] m4\zm-ryu-Amm^mm^(Dya-^^ 

[0 6] 01 tc^-r n >^±as'jw^nig&^p^^^-r 
0-rr&£« 

[0 7] *«*§Hoffi<D**6©^IB(r«t>sa««»v' 

[0 8] STM- 1 07b- &<Dffi$ t &7r;TmT*$>2> 0 
[09] TTC^I:*5^SDH1'>^7i-X© 

[010] STM-O07l/-A©M^^t0fab 
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Mi i] awfRmfc. *«K?a©-^<oaiBo 

1, 2 ^/U 

3 ? v—j>m»msMa 

8 ai, A2;t>f h^mms 

9 W&WMk 

10 Al/Hh^>^ 
1 1 A2A>f bf3&>9 
12, 21 Jt«@l»' 

15 &%fm%v>* 



10 



16 



17, 2 0a, 2 0b y7hl/^X^ 

1 8 ^3— # 

1 9 SIR©!® 

2 4 tf—YW&h 

2 8 aAMffSH 

3 2 a >5^a8'JWe0» 
3 5 /frXhCPU 

3 6 *HB*^EU 

3 7 

3 8 ^n-feyiJ- 

3 9 ^nif^A^U 
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STM- 1 IDSOH 
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Y 


Y 


H S 


1 * 


1 * 



(A) 



[04] 



V C- 3 x 1 



H 1 


H 1 


H 1 


H 2 


H2 


H 2 



(B) 



H 1 


Y 
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H2 


I 


I 



IC) 



V C- S x 1 
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H 1 
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I | H 2 
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(D) 


VC- 8 X Z 
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H 1 
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H 2 
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(E) 
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A 1 /WK 
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A1 . A2 



—433— 



(10) 



-293847 



[0 5] 



[06] 



s 1 L_ 
J t 



< A 1 JWSff?) 



No 



I 



4 A2 



S 6 



A 2 

I 



Yes 



S 6 



-<] A2 o r -EflPffi? y 



™_ 



3» U - A 



- S 9 



2 5 



2 0 a. 



1 7 



g is m h 1 8 



r 



2 0 b 



fcfc « Q S3 

"5 [ 

! 1 I- 



T 

2 2 




2 4 



[0 7] 



2 3 



a 2 
_L_ 



3 o 



3 7 



9 s 



,3 4 
3 A. 



3 9. 









CPU 







3 1 




>; POH — -B3-< 



L_J-^ 



vc-4 : 



vc- ; 



x 3 



imi o] 



[0ii] 



[09] 




1 i 1 











1 1 2 



| a so »' 



1 1 3 



—434— 



